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Specification 

1 . Invention Title : 

METHOD OF PRODUCING A SILICON CARBIDE SINTERED BODY 

2 . Claims 

[Claim 1] The method of producing a silicon carbide 
sintered body having the density of at least 3 . Og/cm 3 and 
the average diameter of silicon carbide crystal of 10 urn or 
less , comprising the following steps of (a) - (d) ; 

(a) a step of molding a silicon carbide powder 
with the free carbon containment of 10 mass% or less, the 
free silica containment of 5 mass% or less and the average 
grain diameter of silicon carbide powder of 10 um or less 
into a desired geometric feature; 

(b) a step of accommodating the geometric 
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feature into the heat resistant container and sintering it 
at the temperature within the range of 1500-2200 °C to form 
a primary porous sintered body; 

(c) a step of impregnating a carbonaceous matter 
into the primary porous sintered body and sintering it at 
the temperature of 900-2200 °C to carbonate the carbonaceous 
matter thereof which is formed to be the carbon-silicon 
carbide complex ; and 

(d) a step of keeping thus obtained carbon- 
silicon carbide complex in the step (c) at the temperature 
of 1500-2200 °C to fulfill a silicon in the pores of the 
carbon-silicon carbide complex and further keeping it at 
such temperature for 1-15 hours. 

[Claim 2] A method of producing a silicon carbide sintered 
body according to claim 1, wherein at least of 60 mass% of 
the carbon carbide powder is p type carbon carbide. 



[Claim 3] A method of producing a silicon carbide sintered 
body according to claim 1 , wherein a carbon included in the 
carbon-silicon carbide complex obtained in the step (c) 
exists at the ratio of 0.3-1.3 g/cm 3 in terms of the porous 
volume of the primary sintered body obtained in the step 

(b) . 



[Claim 4] A method of producing a silicon carbide sintered 
body according to claim 1 , wherein the silicon carbide 
powder, the carbonaceous matter and the melting silicon 
include 5 ppm or less of alkali metal, 20 ppm or less of 
alkali earth metal, 5 ppm or less of copper, 20 ppm or less 
of iron and 100 ppm or less of aluminum and the total 
containment of the alkali metal, alkali earth metal, copper, 
iron and aluminum is 200 ppm or less. 



3 . Detailed Explanation of the Invention 



2 



[Industrial Applicability] 

This invention is related with the method of producing a 
silicon carbide sintered body suitable for parts of a 
furnace structure and especially related with the method of 
producing a silicon carbide sintered body suitable for a 
member of diffusion furnace of producing a semiconductor. 

[Conventional Art] 

Generally, parts of a furnace structure, especially 
average heat transfer tube is desirably of a material 
having a good heat conductivity, good resistance of high 
humidity and spalling. 

Especially, it is important that the average heat 
transfer tube of a diffusion furnace of producing a 
semiconductor is extremely highly pure so that a high 
purity silicon wafer can be installed inside. Furthermore, 
it is also important that the material comprising a tube is 
required to be highly corrosion resisting against chemicals 
such as HF solution, HF-HNO3 solution, HF-HNO3-CH3COOH 
solution and HC1 gas by which the furnace is washed 
regularly . 

As such material, a silicon carbide sintered body is the 
most desirable. 

Conventionally, in a method of producing a silicon 
carbide sintered body, there are the methods disclosed in 
the publications of Japanese patent applications, JP 45- 
38061, JP 57-501578, JP 54-15521, JP 56-109872, JP 56- 
114871 and JP 55-67573. Generally, in these methods, a 
silicon carbide powder (100 mass) , carbon powder (20-50 
mass) and heat decomposition carbon (10-20 mass) are mixed 
to form a porous silicon carbide sintered body, carbonated 
at the temperature within the range of 500-1200 °C and 
contacted with a melting silicon to react at a high 
temperature of 1400 °C or more. 

However, these methods has a problem that with the 
binding between the reacted silicon carbide and the mixed 
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silicon carbide particle being poor, the strength of the 
sintered body becomes extremely poor, decreased to be 20 
kgf/mm 2 or less when the free silicon remaining inside of 
the sintered body is melted at the temperature of 1400 °C or 
more . 

On the other hand, as other methods, there are methods 
disclosed in the publications of Japanese patent 
applications, JP 51-85374 and JP 48-37404. According to 
them, mainly 40-200 pm of grain size of silicon carbide 
coarse particles and 10pm or less of silicon carbide powder 
are mixed to be molded in advance to produce high density 
silicon carbide body and the pores are filled with silicon. 
Therefore, these sintered bodies are comprised by extremely 
large silicon carbide crystals and their strength is not 
only limited to be more or less 30 kgf/mm 2 but also to be 
extremely decreased to 15 kgf/mm 2 or less at a high 
temperature of 1400 °C or more since the binding strength 
between the silicon carbide crystals is small. 

[Problems to be Solved by the Invention] 

The purpose of the invention is to provide a method of 
producing a high density silicon carbide sintered body 
which solves the problem that the strength is lowered at a 
high temperature as mentioned above and almost sustain the 
original strength even at a high temperature. 

[Means to Solve the Problems] 

As the result of the researches of a silicon carbide 
sintered body repeated in various ways, the inventors have 
newly found that the volume of free carbon and silica 
included in the silicon carbide powder as the starting 
material extremely influences the strength of the primary 
sintered body of the porous silicon carbide and 
successfully produced the highly strong porous silicon 
carbide sintered body by controlling the volume of free 
carbon and silica to be no more than the certain amount. 
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Next, they have found that the certain range of volume of 
the free carbon should be impregnated and carbonated at the 
certain temperature range in order to make this highly- 
strong porous body high density and that this carbonated 
free carbon should react with the free silicon at the 
certain temperature and be kept for a certain period and 
finally succeeded to obtain the high density silicon 
carbide sintered body which is highly strong fulfilling the 
objective of the invention and does not lose strength even 
at a high temperature. 

The detail of the invention is explained as following. 

According to this invention, 

the method of producing a silicon carbide sintered body 
having at least the density of 3.0g/cm 3 , and the average 
grain size of the silicon carbide crystals of 10 pm or less, 
comprises the following steps of (a) - (d) ; 

(a) a step of molding a silicon carbide powder 
with the free carbon containment of 10 mass% or less, the 
free silica containment of 5 mass% or less and the average 
grain diameter of silicon carbide powder of 10 /xm or less 
into a desired geometric feature; 

(b) a step of accommodating the geometric 
feature into the heat resistant container and sintering it 
at the temperature within the range of 1500-2200 °C to form 
a primary porous sintered body; 

(c) a step of impregnating a carbonaceous matter 
into the primary porous sintered body and sintering it at 
the temperature of 900-2200°C to carbonate the carbonaceous 
matter thereof which is formed to be the carbon-silicon 
carbide complex; and 

(d) a step of keeping thus obtained carbon- 
silicon carbide complex in the step (c) at the temperature 
of 1500-2200 °C to fulfill a silicon in the pores of the 
carbon-silicon carbide complex and further keeping it at 
such temperature for 1-15 hours. 

In step (a) of the invention, the powder mainly comprises 
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the silicon carbide powder of which the average grain size 
is 10 um or less. The reason is that if the grain size is 
larger than 10 urn, the atomic movement and evaporation- 
concentration between the silicon carbide crystals hardly 
occur at the primary sintering and the binding between the 
silicon carbide crystals tends to be weak. The average 
grain size should desirably be 3 urn or less in order to 
strengthen the binding between the silicon carbide crystals. 

Furthermore, the silicon carbide powder should desirably 
include at least 60 mass% of p type silicon carbide and the 
remaining part should desirably be a type crystals or 
noncrystalline silicon carbide. The reason is that p type 
silicon carbide is the crystals of low- temperature 
synthesis type and is recrystallized at a relatively lower 
temperature so that the silicon carbide crystals having a 
strong binding can be obtained. For more effectiveness, 
the amount of p type silicon carbide should desirably be 80 
mass% or more. 

The amount of free carbon included in the silicon carbide 
powder used in step (a) should be 10 mass% or less. The 
reason is that, generally, the free carbon has an effect of 
limiting the growth of the silicon carbide crystals . If 
there is too much free carbon, the high density silicon 
carbide cannot be obtained and the amount of the free 
carbon included in the silicon carbide powder should 
desirably be 5 mass% or less. 

On the other hand, the amount of free silica included in 
the silicon carbide material used in step (a) should be 5 
mass% or less. The reason is that, the part of free silica 
reacts with the free carbon to form the silicon carbide 
crystals, but mostly vaporizes to cover the surface of the 
silicon carbide crystals and combine the silicon carbide 
crystals in a glassy form which makes the binding between 
the silicon carbide crystals extremely weak. Therefore, 
the amount of the free silica should desirably be 2 mass% 
or less. 
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Next, the molded body obtained in the step (a) is 
primarily sintered at 1500-2200 °C in the step (b) . The 
reason is that the binding of the silicon carbide crystals 
hardly occurs if the sintering temperature is lower than 
1500 °C and that the silicon carbide sintered body having a 
high strength is hardly obtained. On the other hand, if the 
primary sintering temperature is higher than 2200 °C, a part 
of the silicon carbide crystals are transformed to be a 
type silicon carbide comprising large crystals, the silicon 
carbide crystals of the grain size of 10 pm or less are 
hardly obtained, and the silicon carbide crystals of high 
strength are especially hardly obtained. Furthermore, the 
sintering temperature is preferably 1700-2100 ° C . 

The porous silicon carbide sintered body obtained in the 
step (b) is a sintered body having an excellent strength of 
10-30 kgf/mm 2 with the porosity of 30-60 vol%. 

Next, in the step (c) , a carbonaceous matter needs to be 
impregnated into the primary porous sintered body obtained 
in the step (b) . As the carbonaceous matter, for example, 
various organic matter such as furfural resin, phenol resin, 
lignin sulfonate, polyvinyl alcohol, cornstarch, golden 
syrup, coal-tar pitch and alginate, or pyrolytic carbon 
such as carbon black and acetylene black can be effectively 
used. 

As a impregnating method, an ordinary method such as 
vacuum impregnating or pressurized impregnating dispersion 
liquid and a material which is not polymerized can be used. 

Next, in the step (d) , the impregnated body formed in the 
step (c) needs to be carbonated at the temperature of 900- 
2200 °C. The reason for setting such temperature range for 
carbonation is that the carbon impregnated in the previous 
step is an extremely small grain and efficiently reacting 
with molten silicon when processed through a low- 
temperature pyrolysis at the temperature lower than 900 °C, 
but tends to clog the pores of the primary sintered body 
and prevent molten silicon from impregnating into the 
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inside of the porous body due to its low density. On the 
other hand, the impregnated carbon when processed at the 
temperature higher than 2200*0, the porous body of the high 
strength cannot be obtained with the same reason as 
mentioned in the step (b) . Furthermore, the temperature is 
preferably 1200-2100 °C. 

According to the invention, the amount of the carbon 
included in the carbon- silicon carbide complex obtained in 
the step (c) is preferably 0.6-1.3 g/cm 3 in relation to the 
porous volume of the primary sintered body obtained in the 
step (b) . 

The reason is that, there is too much free silicon 
remaining in the sintered body obtained in the step (d) if 
the carbon amount ratio against the porous volume of the 
primary sintered body is smaller than 0.6 g/cm 3 , and the 
body of a high density is hardly obtained. On the other 
hand, if the carbon amount ratio is higher than 1.3 g/cm 3 , 
there is too much free carbon remaining in the sintered 
body and the body of a high density and a high strength can 
be hardly obtained. 

Furthermore, it is needless to mention that the step (c) 
needs to be repeated so that such required amount of free 
carbon can be obtained. 

Next, in the step (d) , the carbon- silicon carbide complex 
obtained in the step (c) needs to be kept at the 
temperature 1500-2200 °C so that silicon can be fulfilled in 
the pores of the carbon-silicon carbide complex and then to 
be sustained at such temperature for 1-15 hours. The 
reason for setting the range of temperature is that the 
free carbon impregnated and silicon cannot react with each 
other enough and that the silicon carbide body primarily 
sintered at the step (b) and the silicon carbide crystals 
formed by the reaction cannot be bound enough so that the 
high strength cannot be obtained. On the other hand, if the 
temperature is higher than 2200 °C, the grain size of the 
silicon carbide crystals can be enlarged and the body 
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strength can be lowered. The temperature is preferably 
1900-2100°C. The reason for keeping the body at that 
temperature for 1-15 hours is that the reaction cannot 
occur if the body is kept at that temperature for less than 
one hour and the binding between the silicon carbide 
crystals can be weak and that the silicon carbide crystals 
can be enlarged if the body is kept at that temperature for 
more than 15 hours . 

The silicon carbide sintered body manufactured in the 
steps (a) - (d) is the sintered body with the average grain 
size of the silicon carbide crystals as 10 pm or less, and 
a high density of at least 3 . 0 g/m 3 . The body of the high 
strength with the bending strength at the normal 
temperature of 40-80 kgf/mm 2 and 30-50 kgf/mm 2 even at a 
high temperature of 1500 °C can be thus manufactured. 

The embodiment examples of the invention are explained as 
following. 

[Example 1] 

The 95 mass% of the silicon carbide powder used as the 
staring material comprised p type crystals. The power also 
mainly contained the 0.29 mass% of free carbon, 0.17 mass% 
of free silica, 0.3 ppm of iron and 3 ppm of aluminum and 
the average grain size was 0.28 pm. 

100 weight parts of the silicon carbide powder, 5 weight 
parts of polyvinyl alcohol and 300 weight parts of water 
was mixed and welded in the ball mill for 5 hours and dried 
after that. 

The applicable amount of the dried mixture was picked up 
to be granulated and molded by the metallic pressing 
machine at the pressure of 3000 kg/cm 2 . The size of the 
molded body was 250mm X 250mm X 30mm and the density was 
2.0 g/cm 3 (the porosity of 38 vol% . ) 

The molded body was put into the crucible of black lead 
and sintered in the T anuria. nn type furnace in the environment 
of one atmosphere of mainly argon gas . The temperature was 
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increased by 450 "C per hour up to 2000 °C and the 
temperature of 2000 °C at the highest was sustained for hone 
hour. The average bending strength of the sintered body 
was shown high, 18,5 kg /mm 2 . 

Next, phenyl resin (with the carbonation rate of 40 wt%) 
was vacuum impregnated into the sintered body, dried and 
carbonated under the inert atmosphere at the temperature 
1900 °C. The same step was repeated so that the amount of 
the free carbon existing in the pores of the primary 
sintered body could be 0.84 g/cm 3 . The impregnated body 
was further impregnated into the molten silicon at 2050 °C 
and sustained at the same temperature for about three hours . 

The obtained sintered body had the density of 3,16 g/cm 3 
and was comprised of the silicon carbide crystals of the 
average grain size as 3 urn. The bending strength of the 
sintered body was shown high, 62 kgf/mm 2 at the normal 
temperature and 48 kgf/mm 2 even at the 1500 °C. 

[Examples 2-9 and Comparative Examples 1-12] 

The property of the reactive sintered body is shown in 
the tables 1 and 2 when it was processed in the same 
conditions as Example 1 except that the average grain size 
was changed (Example 2 and Comparative Example 1) , except 
that the included amount of free carbon was changed 
(Example 3 and Comparative Example 2) , except that the 
included amount of free silica was changed (Example 4 and 
Comparative Example 3) , except that the primary sintering 
temperature was changed (Example 5 and Comparative Examples 
4 and 5) , except that the carbonation temperature was 
changed (Example 6 and Comparative Example 6) , except that 
the amount of carbon to be impregnated was changed (Example 
7 and Comparative Examples 7 and 8) , except that the 
silicon impregnating temperature was changed (Example 8 and 
Comparative Examples 9 and 10) or except that the period of 
the body being sustained at the high temperature was 
changed (Example 9 and Comparative Examples 11 and 12) . 
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Table 1 





SiC 

average 

grain 

size 

(um) 


amount 
of free 
carbon 

<wt%) 


amount 
of fiber 
silica 

(wt%) 


porosity 
(vol%) 


primary 

sintering 

temperature 

fc> 


bending 

strength 

of 

primary 
sintered 
body 
(kgf/mm 2 ) 


carbonation 
temperature 

fc> 


Ex. 1 


0.28 


0.29 


0.17 


38 


2000 


18.5 


1900 


Ex. 2 


3.5 


0.35 


0.22 


36 


same as 
above 


13.6 


same as 
above 


Comp . 
Ex. 1 


18 


0.34 


0.15 


29 


same as 
above 


4.2 


same as 
above 


Ex. 3 


0.28 


4.5 


0.17 


37 


same as 
above 


15.2 


same as 
above 


Comp . 
Ex. 2 


0.28 


12.5 


same as 
above 


44 


same as 
above 


6.3 


same as 
above 


Ex. 4 


same as 
above 


0.29 


1.5 


41 


same as 
above 


12.9 


same as 
above 


Comp . 
Ex. 3 


same as 
above 


same as 
above 


5.9 


52 


same as 
above 


3.1 


same as 
above 


Ex. 5 


same as 
above 


same as 
above 


0.17 


38 




23.5 


same as 
above 


Comp . 
Ex. 4 


same as 
above 


same as 
above 


same as 
above 


38 




7.6 


same as 
above 


Comp . 
Ex. 5 


same as 
above 


same as 
above 


same as 
above 


39 




4.9 


same as 
above 


Ex. 6 


same as 
above 


same as 
above 


same as 
above 


38 




18.5 


2100 


Comp . 
Ex. 6 


same as 
above 


same as 
above 


same as 
above 


38 


same as 
above 


18.5 


2250 


Ex. 7 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


1900 
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Comp . 
Ex. 7 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


Comp . 
Ex. 8 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


Ex. 8 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


above 


same as 
above 


Comp. 
Ex. 9 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


Comp . 
Ex.10 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


Ex. 9 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


Comp . 
Ex.11 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


Comp . 
Ex.12 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 


same as 
above 



Table 2 





amount 


silicon 


sustain- 


density 


SiC 


bending 


bending 




of 


impreg- 


ing 




average 


strength 


strength 




impreg- 


nating 


period 




grain 


at 


at 




nated 


temperature 






size 


normal 


1500°C 




free 










temperature 






carbon 
















(g/cm 3 ) 


<°C) 


(Hr) 


(g/cm 3 ) 


(urn) 


(kgf/mm 2 ) 


(kgf/mm 2 ) 


Ex. 1 


0.84 


2050 


3 


3.16 


3.0 


18.5 


1900 


Ex. 2 


0.91 


same as 


same as 


3.10 


7.2 


13. 6 


same as 






above 


above 








above 


Comp . 


1.02 


same as 


same as 


2.99 


19 


4.2 


same as 


Ex. 1 




above 


above 








above 


Ex. 3 


1.04 


same as 


same as 


3.08 


2.8 


15.2 


same as 






above 


above 








above 


Comp . 


0.86 


same as 


same as 


2.98 


3.4 


6.3 


same as 


Ex. 2 




above 


above 








above 
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Ex. 4 


1.06 


same as 
above 


same as 
above 


3.09 


5.5 


12.9 


same as 
above 


Contp . 
Ex. 3 


0.80 


same as 
above 


same as 
above 


2.88 


7.3 


3.1 


same as 
above 


Ex. 5 


0.94 


same as 
above 


same as 
above 


3.18 


2.8 


23.5 


same as 
above 


Comp. 
Ex. 4 


0.58 


same as 
above 


same as 
above 


2.99 


1.8 


7.6 


same as 
above 


Contp . 
Ex. 5 


1.10 


same as 
above 


same as 
above 


3.05 


12.5 


4.9 


same as 
above 


Ex. 6 


0.84 


same as 
above 


same as 
above 


3.12 


3.9 


18.5 


2100 


Comp . 
Ex. 6 


0.89 


same as 
above 


same as 
above 


3.06 


14 


18.5 


2250 


Ex. 7 


1.10 


same as 
above 


same as 
above 


3.14 


2.9 


same as 
above 


1900 


Comp. 
Ex. 7 


0.52 


same as 
above 


same as 
above 


2.77 


4.4 


same as 
above 


same as 
above 


Comp . 
Ex. 8 


1.36 


same as 
above 


above 


2.64 


2.3 


same as 
above 


same as 
above 


Ex. 8 


0.84 


1950 


same as 
above 


3.12 


1.8 


same as 
above 


same as 
above 


Comp . 
Ex. 9 


same as 
above 


2250 


same as 
above 


3.00 


18.9 


same as 
above 


same as 
above 


Comp . 
Ex.10 


same as 
above 


1500 


same as 
above 


2.95 


1.1 


same as 
above 


same as 
above 


Ex. 9 


same as 
above 


2050 


8 


3.17 


4.9 


same as 
above 


same as 
above 


Comp . 
Ex.11 


same as 
above 


same as 
above 


0 


2.98 


1.9 


same as 
above 


same as 
above 


Comp . 
Ex.12 


same as 
above 


same as 
above 


25 


3.15 


11.5 


same as 
above 


same as 
above 



[Invention Effect] 

As mentioned above, the silicon carbide sintered body in 
the invention is comprised of fine silicon carbide crystals 
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and has a high bending strength from the normal temperature 
to a high temperature and also has a high density. 

This sintered body, having a high density of 3.0 g/cm 3 or 
more, even without conventionally known sintering auxiliary 
agent such as boron or alumina, can be effectively used for 
structural parts such as soaking tubes for diffusion 
furnace for producing semiconductors, paddles and jigs for 
constructing ships, from all of which any impure material 
should be completely excluded or driving parts such as 
corrosion resistant jigs, exhaustion resistant parts and 
mechanical seals . 

Applicant : IBIDEN CO . , LTD . 

Representative: Patent Attorney, Takenori HIROE 
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